Introduction
The physiologically relevant site for studies on growth regulation is within intact modulated circuits which have evolved for maintenance of tissue and Organ animal hosts. Anima1 cells in culture are disconnected from complex hormonally homeostasis (Furth, 1967) . Paradoxically the most detailed information on growth control has been generated from studies on animal fibroblasts and lymphocytes grown in vitro. In the tissue culture environment, the growth of cloned populations of animal cells, in defined or semidefined media may be easily quantitated.
By studying the growth of established and cloned cell lines in heterologous animal hosts, the tactical advantages of tissue culture technology can be exploited in a biologically relevant framework. Heterologous cells can be recovered from animal hosts, identified and quantitated by virtue of their differential morphology, antigenic composition and karyotype. Clearly, however such studies can only be conducted in an immunologically tolerant host.
The congenitally athymic nude mouse does not display the cell mediated immune response and never rejects heterologous skin graRs (For review, See Rygaard, 1973) . We have examined the capacity of nude mice to Support and control the growth of a variety of heterologous tissue culture cell lines. This paper will deal with the results of these studies which demonstrate (1) that a variety of epithelioid and fibroblastic cell lines which grow forever in vitro do not grow tumors in nude mice; (2) that the failure of cell lines to grow tumors in nude mice is an authentic growth regulatory response; (3) that the growth behavior of cells in tissue culture is not a reliable indicator of tumorigenic potential; and (4) that the capacity of tumor cells to grow in suspension, invade surrounding tissues and develop secondary metastases possibly requires a thymus dependent function. all of them to be T-antigen positive.
Basis of Growth Suppression in Nude Mice
A variety of control experiments indicated that the failure of particular cell lines to grow tumors in nude mice was not a trivial result but rather indicated an authentic response to host mediated growth regulatory signals.
~t t e m~t s to "vaccinate" nude mice against human tumor cells (Hela) by repeated inoculation of normal human lung fibroblasts in Freund's adjuvant were unsuccessful. Mice which had been inoculated with human fetal lung cells in Freund's adjuvant were bled and the serum was tested for the presence of cytotoxic antibodies directed either against fetal lung cells or against Hela cells. N o evidence of cytotoxic antibodies directed against either cell type was found. These experiments indicate that the failure of human fetal lung cells to grow tumors in nude mice is not due to -rejection by either the cell mediated or humoral immune response.
Fate of Nontumorigenic Cells in Nude Mice

'
The hairless condition of these athymic animal hosts facilitates observation of nontumorigenic cells which are injected subcutaneously. An inoculum of 106 cells is visable as a light colored subcu:aneous mass from one to two mm in diameter twenty four hours after injection. The persistance of these masses is variable from cell line to cell line. Most nontumorigenic cells appear to survive no longer than 10 days beneath the skin of nude mice; however, an inoculum of 1O"og kidney epithelial cells (MDCK) is still detectable in some animals at two months postinjection. One subcutaneous mass measuring 1.6 mm in diameter was removed from a mouse which had been injected with 107 MDCK cells two months previously. The tissue was plated into culture and cells with the MDCK epithelioid morphology were observed growing amid mouse fibroblasts. A clone of the epithelioid cells was isolated and metaphase chromosomes were stained with Geimsa. A modal chromosome number of 76 and the presence of a large metacentric X chromosome ( fig. 1 ) identified the cells as MDCK. Thus cell lines which do not induce progressively growing tumors can yersist f o r long periods of time in n u d e mice a n d b e recovered i n a viable state. :' In each experiment, one C57 mouse died prior to three weeks and could not be autopsied Figure 2 demonstrates that in rapidly growing mice inocula of 106 MDCK cells formed nodules measuring 0.5cm in diameter whereas twice as many cells injected into adult animals failed to grow. MDCK nodules formed in neonatal animals did not continue to grow once the animals attained adult mass. Thus the failure of MDCK cells to grow tumors in nude mice does not seem to be caused by rejection or any intrinsic deficiency on the Part of the host. Rather these cells seem responsive to host mediated growth regulatory signals.
Relationship of Growth Behavior in vitro t o Tumorigenicity
The observation that 5 human cell lines infected with, and morphologically transformed by SV40 virus were not tumorigenic suggested that many of those characteristics which serve to define the transformed state in vitro are only coincidentally related to malignant potential in animals. The Serum growth requirement, the ability to grow on top of stationary phase mouse monolayer cultures, the ability to grow in methocel suspension and the cell saturation density were determined for. various cell lines. The correlation of these in vitro growth Parameters with tumorigenicity in athymic nude mice is summarized in table 2.
As can be Seen, there is no absolute correlation between any in vitro growth
Parameter and tumorigenic potential in immunologically tolerant hosts. In fact with the exception of secondary mouse embryo fibroblasts and 3T3 cells, every nontumorigenic cell line displayed one or more of those cell growth characteristics in vitro which have come to be associated with the transformed state.
Suppression of Metastasis in the Nude Mouse
In the Course of testing various cell lines for tumorigenicity we were struck with the complete absence of tumor metastasis in these athymic hosts. Despite the diverse origin of the nine tumor producing lines depicted in table 1 and the large number of animals tested, tumor growth was always restricted to the region where cells were inoculated. To investigate this phenomenon in more detail, the malignant potential of a highly metastatic subclone of the B-16 mouse melanoma was tested in nude mice. B-16 melanoma clone #2 cells were derived by inoculating tumor cells subcutaneously into C57 black mice and culturing the metastatic nodules which arose in occasional animals. The parental B-16 line seldom metastasized in C57 black mice whereas within 3 weeks the B-16 clone #2 cells metastasized to the lungs, lymph nodes and spleen of sixty percent ot the animals tested (table 3 and Table 3 : Suppression of metastasis in nucle mice. Two highly invasive subclones of the B-16 mouse melanoma were injected subcutaneously into the scapular region of C57 black mice or into nude mice. Each mouse received 106 cells and all mice developed tumors. At three weeks postinjection the animals were sacrificed. Tumors were weighed and the animals were examined for black nielanoma nodules in the lungs, lymph nodes and spleens. fig. 3 ). In athymic nude mice, B-16 clone #2 cells induce large pigmented tumors (table 3) but, with one exceytion in 20 challenges, none of the nude mice showed secondary tumor metastasis at autopsy (table 3) . One clue to the mechanism whereby metastasis is suppressed in athymic nude mice may be found in the growth behavior of human lymphocytes in these animal hosts. The WI-L2 cell line was derived from Spleen cells of a patient free from malignant disease but bearing antibodies to Epstein Barr virus. In culture the cells grow entirely in suspension showing no tendency to adhere to coated plastic tissue culture dishes. WI-L2 cells are tumorigenic in nude mice but the tumors formed are solid lymphosarcomas (fig. 4) . N o ascites formation was noted in 4 nude mice injected intraperitonially with two million cells per mouse. 
Discussion
The purpose of this research was to assess the capacity of nude mice to Support and control the growth of heterologous tissue culture cell lines. We found that many cell lines which grow forever in tissue culture did not form tumors in nude mice. The failure of individual cell lines to grow tumors did not have an apparent immunologic or nutritional basis. Cells from a nontumorigenic dog kidney line were recovered in a viable state afier prolonged incubation in nude mice. We conclude that the failure to grow tumors in nude mice is not a trivial result. Rather, nontumorigenic cell lines may be responsive to host mediated growth regulatory signals.
The relationship between cell growth behavior in vitro to growth control in animals has long been of interest to Cancer biologists. Many laboratories have sought to determine whether growth behavior in vitro correlates with tumorigenicity in animal hosts; the published conclusions are at variance. Aaronson and Todaro (1963) concluded that the ability to grow to high saturation density cor- Freedman and Shin (1974) have concluded that loss of anchorage requirement is essential to tumorigenicity. The congenitally athymic nude mouse would seem to be the most useful animal host for correlative studies between growth behavior in vitro and tumorigenicity; in the immunologically tolerant nude mouse, a cellular growth response in the host cannot be masked by a host immune response to the cells. We have found that under uniform culture conditions, none of those in vitro growth Parameters which serve to define "transformation" in tissue culture correlate with tumorigenicity in nude mice. These experiments indicate that the most reliable and physiologically meaningful assay for malignant transformation may be cell tumorigenicity in nude mice.
The pathologic consequences of malignant transformation are more a reflection of tumor cell invasiveness than of tumor growth potential (Kark, W. 1966). The mechanisms whereby malignant tumor cells migrate through surrounding tissue, penetrate the blood vascular and lymphatic Systems and lodge at distal sites to form secondary tumors are difficult to study in tissue culture. Growth of malignant tumors in heterologous animal hosts, wherein the origin of distal metastasis may be determined unambiguously, may provide insight into these problems. Giovionella (1973) reported the occurrence of metastasis from a human melanoma in athymic nude mice. O n the other hand, this laboratory and others (Freedman and Shin, 1974) have not observed metastasis in nude mice, although more than 50 human and animal cell lines have been studied. A direct test of metastatic potential in nude mice using mouse melanoma cells of proven invasive capabilities confirmed that metastasis is suppressed in athymic nude mice (table 4  and fig. 2 ). These observation corroborate the finds of Fidler (1974) who, in a series of experiments using B-16 melanoma cells with properties similar to those described here, found that low numbers of lymphocytes from tumor bearing animals actually promoted metastasis in thymectomized -X-irradiated C57 mice. The incongruous growth behavior of human lymphocytes, which formed solid tumors in nude mice while growing as suspension cells in tissue culture may provide a clue to the supression of metastasis. Freedman and Shin (1974) reported a similar modification of growth behavior for Erlich Ascites cells which grew only as solid tumors in nude mice. These results suggest that a thymus dependent function is required in order for cells to grow in suspension in animal hosts.
The experiments described in this communication demonstrate that the growth behavior of cells in tissue culture is in many respects not indicative of their behavior in animals. It is likely that growth of normal animal tissues is regulated by hormone like agents and cellular interactions which have yet to be described in vitro. Observations on the growth of heterologous tissue culture cell lines in immunologically tolerant nude mice may assist in the reconstruction of these growth regulatory interactions tn vitro.
